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ABSTRACT 

We have employed the differential transform method 
to solve the (n + l)-dimensional Equal Width wave 
equations with damping term as. 
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1. INTRODUCTION 

Zhou[2] was the first one to use the differential 
transform method (DTM) in engineering applications. 
He employed DTM in solution of the initial boundary 
value problems in electric circuit analysis. In recent 
years concept of DTM has broad end to problems 
involving partial differential equations and systems of 
differential equations[3-5].Some researchers have 


lately applied DTM for analysis of uniform and non- 
uniform beams [6-10] .In the few decades, the 
traditional integral transform methods such as Fourier 
and Laplace has equations into the algebraic equations 
which are easier to deal with 

The well known Korteweg and de Vries (KdV) 
equation u t +uu x +Uxxx = 0 dimension. Morrison et al.[l] 
proposed the one dimensional PDE ut + uu x = 0, as 
an equally valid and accurate method for the same 
wave phenomena simulated by the KdV equation. 
This PDE is called the equal width wave equation 
because the solutions for the solitary waves with a 
permanent form and speed, for given value of the 
parameter, are waves with an equal width or 
wavelength for all wave amplitudes. In this chapter, 
we have employed the differential transform method 
to solve the (n+1)- dimensional Equal Width wave 
equation with damping term as, 


Ut = + V2 U X2X2t + ... + V n U XnXnt + fUU Xl + pu 



under the initial condition 


u(xi J x 2j ... J ar„,0) = uq (xi,x 2 , ...,x„) 


( 2 ) 


Where i — 1,2, ..., n ,7 and /? are constants 
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2. Differential Transform method (DTM) 

In this section, we give some basic definitions of the differential transformation. Let D denotes the di erential 
transform operator and D 1 the inverse differential transform operator. 

2.1 Basic Definition of DTM 

Definition: 1 

If u (xi; X 2 ;:::; x n ; t) is analytic in the domain then its (n+1)- dimensional differential transform is given by 


L [k-^., k 2 -, •••■, k ni k n ^.\ j 


1 


x 


.... fc n !, k n+ tl 

+ ■ ■ ■+ k™+i 

——7 -T- ■ F —.u(x 1 ,Xr i ,„.,X n ,t)\x 1 

Xl Ox t 


(3) 


0,22 = 0 ,= 0 , t = 0 


where 


OO OO OO OO 

u{x U X2 ,t) = ^2 X *" X X U 

1=0 ^ 2=0 k. n = Q &ti + 1 = Q (4) 

= D _1 \U (ici, fc 2 ,..., fc n , fc n +i}l 

Definition^ 

If iy (an, ar 2 , = D~ x [U{kx, fc 2 , fc„+i)], v(zi, 2 2 *„,*) 

= D _i [F(A:i,A:2,... } fcn, fcre+i)] 

and ( 8 ) denotes convolution , then the fundamental operations of the differential transform are ex¬ 
pressed as follows: 


(a).D [ 17 ( 21 , 2 : 2 , ...,x n ,t)]v ( 21 , 22 , = U(kt,k2, ..., k n ,k n+1 ) ® V(ki,k 2 , ...,k n ,k n+1 ) 

fcl fci kri 

= X X ”■ X X -a 2 ,...,k n +l -a u+ l) 

^1=0 K2 = Q a™=Q On + l=0 

f (/ti ai,ct 2 , 

(5) 


(&).£) [ati(2i,22, ± (fcl, &2, ...,fcn,fciH-l) 

±jSV r (fcl,fc 2 ,...,fc n ,fc„+l) 


( 6 ) 
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Qri +T2 + ...+r„+r f »+i 

(4°{ a ' q -77--•« (*1, 2?2, 


x ni 0} — (^1 + 1) + (&1 + 2) 


... (fci + n) (/?2 + 1) (*>2 + 2)... (h + r 2 ) 
... (fcn+i + I) (& n +i + 2 ) 


..• (fcn+l "T n+l) {kl + ’t*!, ..., fcn+1 + Oi+l)‘ 


( 7 ) 


3. Computational illustrations of (n+l)-dimensional Equal width wave equation with damping term 

Here we describe the method explained in the previous section, by the following examples to validate the 
efficiency of the DTM. 

Example: 1 

Consider the (n+l)-dimensional equal width wave equation with damping by assuming Vi's and = = 1 as, 

7 = j5 = 1 as, 

Ut = U xixi t + U X2X2 t + ... + U XnXn t + UU X1 + u (8) 

Subject to the initial condition 

« (asi, ara, ...,sc n , 0) = uo (rci, ^ 2 , 

(9) 

= %1 + x 2 + + x n 

3.1. DTM for equal wave equation with damping term 

Taking the differential transform of eq.(8)., we have 

+ 1 + l)f ' (fcl, ^ 2 , —, km k n +i +1) = (kt + 2)(fci + l)(fcn+l + l)U(k± + 2, ^2, k n +± + i) 

+ (&2 + 2)(A'2 + l)(fc n+ i + 1)V (fel, k‘2 + 2 , kn+1 + 1) + *** 

+ (k n + 2)(k n + 1 )(fe n + i + 1)V (kt, k^ + 2, fcs, (fcn+2)^rt+l + IJ 

fci k% k n 

+ X X X XI (^1 + 1 _ a t)(*ra+t - a 5i+1 ). 

ai=lliCt2=(J =0 

T 1 + 1 ■ &I 7 0-2 7 ^3 7 * * * 7 7 ^7i + l 

X (^1^2 — &2? ^3 — &37 *^7 ^n + l) 

(10) 


From the initial condition eq.(9).,it can be seen that 

OO OO OO 

u(x 1 ,x 2 ,...,x n , 0 ) = X X • X u i k uk 2 , ...,k n ,0) .x * 1 .xt? ...x* n 

ki =0 k-2 =0 k n =0 


(ii) 
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— ^1 + X-2 H- -|- % n 


U(k 1 ,k 2 , 0 ) 


1 if k, = I. k, = 0 , i j 


0 otherwise 

using eq.,(12) into eq.(ll) one can obtain the values of U fAq, fcg, ***, &n- fcn+i) as 

I if hi = 1 , = 0 , i ^ j, i,j = 1 , 2 ,n 


T (A>r, A 2 , ***, Ajj, lj 


C/(/ci, A: 2 ,fc n , 2 ) = 


f ' 1 (Aii , ^2 > ***, kyif 3 j 


0 otherwise 


1 if ki = 1 , kj = 0 , i ^ j , i, j = 1 , 2 , ...,n 


0 otherwise 


1 if kt = l,kj = 0 ,* 7 ^ j , i,j = 1,2 


0 otherwise 


.= < 

Then from eqn. (4) we have 


1 if ki = l,kj = 0 , i ^ j,i,j = 1 , 2 , ...,n 
0 otherwise 


OO QO OO OO 


U(xuX2,^x ni t)=^2 X - X XI fc n+ i)(4' 1 ,4' 2 -" 2 '« n A fc ’ I+1 ) 

fci =0 fco—0 fc„ =0 Ar^T,_|_i =0 

= (a?i + ^2 + ... + ^n)(l + 2t + + **.)* 

Thus,the exact solution is given by 

^ I s l _|_ j ^ 

u(xi,x 2 ,...,x n ,t) = — -—-—^, provided that 0 < t < 1 


(1 -t) s 


Example: 2 


Consider the (3+l)-dimensionaI equal width wave equation with damping as, 

u t = u xxt + u yyt + u zzt + + u 


(12) 

(13) 

(14) 

(15) 

(16) 

(17) 

(18) 

(19) 
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Subject to the initial condition 


u(x, y, z, 0) = Vq(x, y, z) = x + y + z 


(20) 


3.2. DTM for Equal Width Wave Equation with damping term 
Talking the differential transform of eq.(19)..we have 

(fei + l)I7(fci, /c2i fea+t) = (ki + 2)(fci + 1 )(A‘4 +i + 1)^7 (&i + 2, , fca, faa+i) 

+ (&2 + 2)(A'o + 1)(^4+r )U{k-[, k^ + 2, k$, A: 4 + i) 

+ (&3 + 2)(fc 3 + l)(^4+l )U (^1) &2i ^3+2? (1^4+1) 

fcj ^2 ^3 ^4 

+ 5^ 5Z 5Z 1 — a l)(^4 _ a 4)' 

a 1 =0 a ^=0 a 3=0 £ t 4=0 

f-' 1 (A-i H - 1 ^'1? ^2) ^3? &4 ^ f"' ^2? &3 ^3 7 ^ 4 )* 

Prom the initial condition eq. (20),it can be seen that 


GO GO OO 


11 


(x,y,z,t, 0 ) = 5 Z J2U(k u k 2 ,k 3) 0).x kl .y k2 z k3 

h -^ =0 k^=0 fc 3 = 0 

= a: + i/ + 2 


where 


I7(fci, A: 2 ,fc3,0) 


I if ki = 1 , kj = 0 , * ^ i, j = 1 , 2 ,3 


0 otherwise 

Using eq.(32)into eq.(21)one can obtain the values of U (fci, k%, k&) as 

1 if ki = I, kj = 0 , i ^ j, *, j = 1 , 2 ,3 


U(k l ,k 2 ,k s ,l) = 


0 otherwise 


( 21 ) 


( 22 ) 


(23) 


(24) 


U(k l ,k 2 ,k 3 , 2 ) = 


1 if ki = 1 , kj = 0 , i ^ j, i, j = 1 , 2 ,3 


0 otherwise 


(25) 
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U(ki, k 2 , k 3 ,Z) = i 

Then from eqn.(4) we have 


l if hi = 1, kj = 0, i ^ j, i, j = 1,2,3 
0 otherwise 


OO OO OO OO 


u(x,y,z,t)= X X X X U ( kl 

fci =0 ^ 2—0 k.2=i t £ 4=1 ) 

= ( 2 : T y T 2 ) (l T 2f + 3£ 2 + .. ) 


Thus,the exaet solution is given by 

u(x,y,z,t) = —-————tt—- provided that 0 < t. < 1 
V ' ( 1 -t) 

Example:3 

Consider the (2+l)-dimensional Equal width wave equation with damping as, 

— U>xxi “t" T MUju ~\~ U 


Subject to the initial condition 


y, 0) = u 0 (x, y) = x + y 


(26) 


(27) 


(28) 


(29) 

(30) 


3.3 DTM for Equal width Wave equation with damping term 
Talking the differential transform of eq.(29).,we have 

(fca + l)U(k u k. 2 ,h +1 ) = (fci + 2 )(fci + l)(fc a + 1 pih + 2 MM + 1 ) 

+ 1.^2 T 3 j (&2 T 1)(^3 T 1) f' (A?l, &2 + 2, A 3 + lj 

*1 *2 *3 (31) 

LEE (ki + 1 — ai)(fc 3 - a 3 ) 

■:T 1 — 0 a 2=0 03=0 

+ 1 - ai, a 2 , fc 3 - a 3 )AT/(ai, fc 2 , a 3 ). 
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From the initial condition eq.(30),it cna be seen that 

OO OO 

y, 0) = ^ ^ U(ki,k2,0).x kl .y k2 = x + y 

k±~0 A'a=0 

Where 

I 1 if h = l,kj = 0 , i ^ j,ij=l ,2 
I 0 otherwise 

Using eq. (33) into eq.(31)one can obtain the values of 


(32) 


(33) 


U(k 1 ,k 2 ,kz)U(ki,k2,l) 


1 if ki = l,kj= 0 , i £ j',i j=l ,2 
0 otherwise 


(34) 


{/(fci, ^2i 2) 


1 if ki = I, kj = 0 j , i, j = 1,2 
0 otherwise 


Then from eqn.(4}we have 

OO OO 

u(x,y,t) = S U ( k h k 2’ k z) 

ki=0 ft:2=0 


x kl .y k2 .t k 3 = (x + y)(l +2t + 3f 2 + 


Hence,the exact solution is given by 


u(x,y,t) 


-—, provided that 0 < f < I 

(i — 


(35) 


(36) 


(37) 


4. CONCLUSION 

1. The differential transform method have been 
successfully applied for solving the (n+ 1 )- 
dimensional equal width wave equation with damping 
term. 

2. The solutions obtained by this method is an in nite 
power series for the appropriate initial condition, 
which can, in turn be expressed in a closed form, the 
exact solution. 

3. The results reveal that this method is very effective, 
convenient and quite accurate mathematical tools for 
solving the (n+l)-dimensional equal width wave 
equation with damping term. 

4. This method can be used without any need to complex 
computations except the simple and elementary operations 


are also promising technique for solving the other 
nonlinear problems. 
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